Supplementary Information 1. This schematic diagram illustrates the fabrication process of a dielectric substrate-based nanopore platform. An asymmetry opening through the substrate was generated by choosing different aperture size on either side of the substrate followed by photolithography and HF etching processes. It was important to create a top-surface opening as small as possible to preserve mechanical stability of the transferred SiN x membrane. In the present study, size of the top surface opening was 5x5 μm 2 . The SiN x membrane layer was fabricated separately. The membrane layer was deposited on Ni (500 nm)/Si substrate and thereafter separated by wet-chemical etching of the Ni film using FeCl 3 solution. During the transferring process, we used PMMA as a protective layer (300-nm thick). This PMMA layer was also etched away using acetone after transfer.
We referred to this process as a "fishing method" as it was a similar to one used for graphene transfer.
With this technique, we can successfully transfer a SiN x layer as thin as 5 nm. Finally, the nanopore was drilled with a focused electron beam using a transmission electron microscope (TEM).
Supplementary Information 2.
Method to calculate membrane capacitance and nanopore resistance.
Membrane capacitance and nanopore resistance were measured using the "Membrane Test" mode in The RC time constant was calculated using the product of membrane capacitance and access resistance.
The quartz substrate-based nanopore had a lower membrane capacitance and higher access resistance as compared to the Si based device. 
Supplementary Information 3.
Johnson noise + shot noise : 42
Flicker noise :
where is the thermal energy, is the admittance of the nanopore, is the frequency, is the dielectric loss constant, I is the current, q is the elementary charge, and a and b are the fitting values of the 1⁄ noise. The RMS noise has slight related to ionic conductance of nanopore, thus, we made a statistical data with sub-10 nm diameter nanopore. The RMS noise from quartz substrate has no correlation with SiNx thickness, but, it was found to be 4 times lower than the RMS noise from Si substrate.
